Abstract: The complex network of muscle fibers in the right atrium is characterized by structural and functional heterogeneities. The influence of these heterogeneities on impulse conduction determines the activation sequence and increases with increasing heart rates. In this work we show that application of dynamic pacing protocols provokes functional heterogeneities and results in ambiguous excitation patterns due to pacing history and structure.
Introduction
The structural complex muscle network of the cavotricuspid isthmus (CTI) in the right atrium is seen as potential arrhythmogenic substrate [1] . Structural and functional heterogeneities influence excitation spread across the CTI especially at elevated heart rates. Functional heterogeneities, e.g. restitution of action potential duration (APD) and effective refractory period (ERP), are believed to play an important role in genesis of arrhythmias [2] . Hence, restitution depends on pacing history and pacing dynamics and results in heterogeneous development of local and global conduction block. Especially in areas where single muscle fibers branch into multiple fibers the electrical source-sink balance is disturbed and the question arises if at elevated heart rates conduction fails earlier in one branch than in the other one. This could create preferred paths for excitation spread with macroscopic re-entry pathways representing substrates for self-sustaining tachyarrhythmias. In this work we present a methodical approach to provoke and measure regional heterogeneities of conduction block behavior by means of appropriate pacing protocols.
Methods
Tissue Preparation: A guinea pig (weight ≈ 500 g) was anesthetized with 0.4 ml kg −1 Ketamin and 0.4 ml kg
Domidor and sacrificed according to National Ethic Guidelines. The heart was quickly excised and immersed in cold Tyrode solution (4-8 • C). The right atrium with intact sinus node was dissected, pinned down on a transparent silicone carrier, and placed in a tissue bath with warmed (36.4
• C) and oxygenated (95 % O 2 , 5 % CO 2 ) Tyrode solution where it immediately developed autorhythmicity. Signal recording: Miniaturized flexible sensor arrays comprising 4 Ag/AgCl electrodes in quadratically arrangement with 50 µm edge length [3] were used to estimate the cardiac near field (CNF). The measurement setup and signal recording technique was described in an earlier work [4] . Pacing: Stimulus pulse trains were generated using a custom-written software application (LabVIEW, National Instruments, Austin, Texas) and a FPGA-board (NI PXI-7813R, National Instruments, Austin, Texas). Timing was specified in terms of pacing cycle length (PCL), i.e. the interval in ms between 2 consecutive stimuli [5] . 2 timing characteristics for pacing were used: (i) ramp-like and (ii) stair-like. In ramp-like pacing protocols PCL was reduced after each stimulus, whereas in stair-like pacing protocols PCL was reduced after 15 stimuli at the same PCL. Timing is listed in Tab. 1. Results Fig. 1 shows the tissue preparation and the location of stimulus and recording sites. Recording site P1 was close to the stimulus site S. Recording sites P2 and P3 were below a branching area on 2 distinct emerging muscle fibers. During stair-like pacing protocol P1, P2, and P3 showed different development of conduction block. In P3 (right muscle branch) conduction failed earliest at a PCL of 70 ms. In P2 (left branch) conduction was sustained until a PCL of 40 ms and in P1 conduction was successful until a PCL of 20 ms (Fig. 2) . In contrast when a ramp-like pacing protocol was applied conduction block occurred at the same PCL (50 ms) at all recording sites (Fig. 3) .
Discussion
The preference of specific muscle fibers for excitation spread during high pacing rates favors re-entrant excitation and therefore tachyarrhyhmias. It is known that longitudinal and transversal excitation spread exhibit different block behavior [6] . The complex macro-and microstructure of the CTI dictates the direction of excitation spread and therefore it is likely that individual excitation pathways are preferred.
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P2 P3 Figure 1 : Tissue Preparation. S is the stimulus site, P 1..3 are the recording sites. P 2 and P 3 are positioned below a branching area. Differences in block behavior between the two types of pacing protocols suggest that pacing history and cardiac memory [7] plays a vital role in impulse propagation. A rapid increase in PCL during a ramp-like pacing protocol apparently results in more uniform distributed adaptation dynamics. It has to be noted that the conduction time between stimulus site and recording sites P2 and P3 is quite large (≈ 35 ms). If PCL is in the same range or below this conduction time correlation between stimulus and activation response is difficult. Nevertheless Fig. 2 and Fig. 3 are valid until first occurrence of conduction block.
